Although numerous articles have appeared in the literature on chronic isodense subdural hematomas, acute isodense subdural hematomas have received little attention. An experimental model was developed that demonstrated that blood with reduced hemoglobin concentration, 8-10 g l dl, is isodense with the brain. Two anemic patients with acute isodense subdural hematomas are reported.
Isodense or isoattenuating subdural hem ato mas have proven to be a difficult diagnostic problem and have been the subject of numerous reports [1 - 1 3 ] . Th e time that a c hronic subdural coll ection may become isodense on computed tomography (CT) varies from 1 week to 90 days after trauma [3, 5, 8] . In most instances, it appears isod ense in 2-6 weeks [6] . Th ere has been littl e mention of isodense subdural hematom as in the ac ute c lini ca l setting. In patients with low hemoglobin leve ls, an acute subdural hemato ma may be isodense from th e outset. We developed an experime ntal mod el to defin e the rang e of hemoglobin conce ntration th at would be isodense with the brain in the acute setting. We also encountered two anem ic patients whose hemoglobin leve ls fe ll within th e experimentall y derived limits of the isode nse range and who had ac ute isodense subdural hematomas.
Materials and Methods
We initiall y evalu ated 25 CT head scans. Th e average CT number of norm al co rtex adjacen t to the inner table of the sku ll was 32-48 Hounsfi eld units. Gelat in was mixed wi th water in vari ous co nce ntration s, wit h ultimate den sity approximatin g this normal co rti c al density . Thi s gelatinous mi xture was th en poured into a speciall y co nstru cted cy lindrica l plastic phantom with nylon sampling c hambers ( fig . 1) . Th e mixture was all owed to hard en, thus providing a standard for visual compa ri son. By mi xin g a consta nt vo lume of w hole blood w ith progressive ly in c reasin g amounts of norm al saline , blood samples of d ifferent hemoglobin co ncentrations were obtained. Th e hemoglobin co nce ntration was evalu ated usin g standard capillary tube and ce ntrifuge techniques. Hemog lobin co nce ntrations of 8-18 g l dl were placed in the sampling c hambers in th e phantom and scanned.
Sca ns were obtained at 124 kV , 200 mA , and 9.8 sec scan tim e. Th e samples were immed iately scanned and measured d irectly . When clo t retract ion occu rred, all measurements were obtained thro ugh the clot itself rather than through the serum. All scans in c lu d in g the 25 normal CT scans were made on a G.E.CT IT 8800 scan ner.
Results
The CT unit values observed for the different concentrations of hemoglobin are shown in figure 2 , where th e CT number is plotted as a function of time . -0ark region represents range of normal cortical density. Initially, blood with hemoglobin values of 8, g , 10 and 11 g / dl was in isodense range . Samples of 8, 9, and 10 g / dl hem oglobin remained in isodense range for first 24 hr. Thereafter, only hemoglobin valu es of 8 and 9 g / dl were in isodense range . conce ntrations of 8, 9, and 10 g / dl remained isodense during the first 24 hr. Thereafter, only the 8 and 9 g / dl hemoglobin samples were in the isodense range. By 4 hr, disc rete c lots were noted in all samples. Clot retraction was complete by 48-72 hr. With the exception of the 15 g / dl sampl e , all samples showed progressive increase in the density through the sampling period, but by 72 hr, these measurements tended to plateau out. The density of the 15 g / dl sampl e of hemoglobin peaked at 16 hr, following wh ich th ere was a slight progressive fall.
Representative Case Reports

Case 1
A 9-month-o ld boy was admitted after he hit hi s forehead on th e dashboard in an automobil e acc ident. Ph ys ical examin ati on revealed no lacerations or oth er ex tern al signs of injury. He was unresponsive, and his ri ght pupil was fi xed and dilated . Th e anteri or fontanell e was tense. Th e rest of th e ph ysica l examination was unremarka bl e. Noncontrast CT scan 2 hr after th e acc id ent demonstrated a poorly defined area of decreased density in the right frontal region with a right-to-Ieft sh ift of the ventricular system ( fig.  3) . The patient's admission hemoglobin was 9.2 g / dl.
Because of his deteriorating clinical cond ition the patient was taken to the operating room for decompressive su rgery. A 30 ml fres hly c lotted subdural hematoma was found and evacuated in the right frontal region . His recovery was uneventful.
Case 2
A 46-year-old male alcoholic was admitted in a confused and disoriented state . There were no external signs of head trauma. The pupils were equal but sluggishly reactive to light. He exhibited a mild right hemiparesis. The rest of his physical examination was unremarkable.
Computed tomography demonstrated a large left-to-right shift of the midline structures due to a chronic subdural hematoma on the left side. There was no enhancement after intravenous injection of iodinated contrast material ( fig . 4A) . He was taken to the operatin g room and multiple left-sided burr holes were placed, evacuating the chronic subdural hematoma which drained without difficulty. Postoperatively he did well for 3 days; he started talkin g and his hemiparesis cleared .
However, on postoperative day 4 , he became obtunded with right hemiplegia. Computed tomography again demonstrated a left-toright shift of the ventricular system . However, no apparent cause for the shift was evident on the scan. A postcontrast scan did not provide any more information (fig. 4B ). Left carotid angiography demonstrated a large left-sided extracerebral collection ( fig. 4C ). The patient was taken back to the operating room, where a 110 ml fresh ly clotted subdural hematoma was found and evacuated from the left frontal parietal region . Th e patient did well postoperatively, remaining neurologically intact. His hemoglobin prior to th e second surgery was 10.0 g / dl.
Discussion
Computed tomography has been established as the diagnostic procedure of choice in the management of head trauma [2,4-6 , 10, 14-16] . The diagnostic accuracy of CT for acute subdural hem atoma approaches 100% [5] . Norman et al. [17] and New and Aron ow [18] showed that the density of a hematoma is directly related to its hemoglobin concentration. Thus , in the acute stage, a subdural hematoma containing fresh blood has a higher density than normal brain . With in crease in c lot age and breakdown of the hemoglobin , there is a declin e in the attenuation values so that in the chron ic phase the density of th e subdural hematoma approac hes that of cerebrospinal flui d and appears as an area of diminished den sity. Subdural hematomas pass through an isodense phase in the subacute to chronic period , when the absorption coeffi cient is the same as that of the adjacent normal brain. Th e time when they become isodense varies from 1 week to 90 days afte r the initial trauma , usually 2-6 weeks [3 , 5, 8] . These so-call ed isodense subdural hematomas have rece ived muc h attention because they pose a particular diagnostic problem in that they are not readily identified on CT .
Another difficult prob lem occurs in anem ic patients when an acute hemorrhage may be isod ense from th e outset. Apart f rom the work of New et al. [1 8 ] and a si ngl e case report by Kasdon et al. [19] of a nontraum atized, ane mi c patient with an isodense ce rebellar hemorrhage, there has been littl e mention of acute isoden se hemato mas in patients with ane mi a.
Our experim ental model showed that hemoglobin values of 8 -10 g / dl w ill be isodense in relation to the adjacent brain. Our two cases had surgicall y proven acute subdu ral hematomas. The CT scans in th ese two patients did not demonstrate the subdural hematoma directly, alth ough a mass effect was evident in each case . The hemoglobin leve ls in th ese two patients fell in this ex perimentally determined range.
A striking feature of our experim ental study was the c progressive increase in density of the hematoma during the first 72 hr. Clot retraction , whi c h was also a feature of our ex perim ent, was well documented by Bergstrom et al. [20] and is the major factor in the ini tial in crease in density of an ac ute subdural hemato ma. Dublin et al. [5] noted that acute subdural hemato mas may also increase in density during the first 1 -3 days after trauma. An ac ute subdural hematoma in an anemic patient may be isodense on CT from the outset and pose diffi cult diagnostic problems. Th e cl inician and radiolog ist dealing with traumatized patients should be aware of this possibi li ty.
